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ABSTRACT

Model characteristics, flutter speeds, freguencles,
test conditions and other data pertinent to fluttear evalua=-
tion of the B-70 conflgurations under consideration are
herein presented. The data accumulated have been used to
specify stiffness levels required to prevent flutter of
the XB-70 Air Vehicle,

FORENORD

The data presented in thls report were compliled during
March 1, 1958 to May 20, 1960 as a part of flutter develop-
ment under Contract No, AF 33(600}~-38669. This flutter
model test analysis report is submitted in accordance with
page 23, item 6, paragraph 4 of Appendix C of Contract
AP 33(600)-38669, This report was prepared by R. W. Deckman
and H., K. Arnold.

H¢e R. Sweet, Supervisor
Vibration, Flutter, & Acoustics
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SUMMARY

Analyses of, and conclusions reached, from all XB-70
flutter model tests conducted during the period 1 March
1958 through 20 May 1960 are presented.
sea level mass ratios of the XB-70 A/V necesslitated exten-
give use of low deneity styrofoam in the model fabrication.
These low mass ratios also lead to problems with oscillatory
flow characteristics of the North American Low Speed Tunnel
(NAAL) and showed the necessity of tunnel modifications to
improve the flow prilor to further tests of complete XB-70

models,

A flutter boundary through the subsonic and transonic
range has been obtained for the vertical stabilizer and the
results used to specify hinge point, actuator and vertical
stabllizer stiffness requirements,
data on the canard have shown that the most critical con-
dition is with the flaps unlocked; the test results have
been used to specify flap actuator stiffness and flap stiff-
nesses (both locked and unlocked conditions), canard root

. stiffness, canard stiffness, and to speclfy the requirement
for a flaps locked indication to the pilot,
transonic test data of the wing have been used to specify
wing stiffness and wing fold atiffness requlrement; the
test results show that for the stiffness specified the
minimum flutter margins are to be expeclied at sea level

transonic speeds.
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SUSPENSION SYSTEM AND .03 SCALE COMPLETE MODEL

The purpose of this test was to evaluate a new spring
suspension system designed for testing complete flutter models,.
The results of fourteen runs varying the elastic axis of the
suspension system with respect to c¢.g. of the model indicated
gﬁat the suspension system would adequately perform the desired

netion. .

The suspension system was deslgned on the following assump-
tions:

translation = 1.7 ¢ps
rotation = 2.12 cps
roll no requirement

The model mass parameters assumed were as follows:

M = .0334 1b-in-dgec.2
Ipiteh = 5,63 1b-in-sec.?
Iyaw = 6.38 1b-inesec,®
- Ao 2
Iroll = .863 lbein-gec,
The suspension system stiffness requirements were then:
K¢ranslation 3.77 1b/in,
Crotation 1000 in-lb/rad.

To meet the above stiffness requirements six springs with
a spring constant of 5.38 1bs/in. were selected, A diagram of
the suspension system set-up is shown in Figure 1.

The .03 scale complete model represented external geometry,
mass, c.g., and inertia about three axis of a "rigid" -127 con-
figuration at sea level, The measured frequencles of model rigid
body modes are as follows:

SECRET
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_DATE: 11—30-59 L . MODEL NO. XB°'70

SUSPENSION SYSTEM AND .03 SCALE COMPLETE MODEL (Con"_ﬁ)
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.10 SCALE SUBSONIC VERTICAL STABILIZER ~° i

P

Various root stiffness magnitudes were investigated uBinS ;
a .10 scale spindle type vertical tail for the ~172 configur-
atlion at sea level, '

—

The model was constructed of solid styrofoam whose thiek-
ness at any peint in the planform simulated full scale bending
stiffness. The model was ballasted for sea level conditions,

The root stiffness in pitch and roll were simulated over
a range of stiffnesses by means of springs. The roll spring
consisted of a square shaft attached at one end to the lower
portion of the vertical tall and free to be clamped at the other
end so that the effective length of the spring could be varied.
The yaw springs were sets of two coil springs, each set of the
same spring constant, which attached to the lower part of the
vertical tail.

The results of the flutter test and shake test are shown
on Flgure 2. For any given roll stiffness, an increase 1n
pltch Ltiffness gave an increase in flutter speed; for a constant
pliteh stiffness, an increase in roll stiffness gave an increase
in flutter speed., The pitch stiffness affects the flutter
speed to a larger degree than the roll stiffness. For this
vertical stablilizer configuration, a pitch stiffness greater
than 20,200 in-lb/rad and a roll stiffness greater than 22,600
in-1b/rad are required to give a sufficlently high flutter speed.
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.06 SCALE SUBSONIC VERTICAL STABILIZER

A styrofoam, .06 geometric scale and .233 speed scale,

results are shown on Figure 3.

cantilevered model of the -172 configuration of the outboard
vertical stabilizer was flutter tested in the WSC 7 3/4 x 11
foot low speed atmospherilic wind tunnel.

Shake test and flutter °
L .

No root flexibilitles were simulated in the model. ﬁowever;

SECRET

the flutter point obtained provided useful information on non-
dimensional stiffness requirements for the planform.
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.06 SCALE SUBSONIC WING II WITH OUTBOARD VERTICAL

To investigate the interaction of wing and the vertical -
tall, a model simulating the -172 configuration was flutter !
tested in the WSC 7 3/4 x 11 foot low speed atmospheric wind
tunnel. & o

The cantileve¢-~ mounted styrofoam model of .06 geometric scale
and a speed scale ..”33, was tested with the wing empty and full
of fuel. Before gach of the actual flutter tests, a shake test
was conducted to wvetermline natural frequencles and node lines.
The results of these tests are shown on Figure 4 through Figure
8. From the flutter tests of the model, it may be concluded
that the empty wing has a lower flutter speed than the full wing.
Comparing the results of this test with those on the vertical
stablilizer only, the flutter mode encountered was primarily a
wing mode rather than a vertical stabllizer mode. :
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FLUTTER SPEED C(OMPARISON
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FLUTTER SPEED—meu

WITH VERT. STAB

WITHOUT VERT STAB

FUEL LOADING

FUEL LOADING

EMPTY

FuLlL EMPTY #U\..Lf
185 | 192 | 181’
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.06 SCALE SUBSONIC WING I

Various fuel and ballast loadings were investigated using
a .06 scale model of the wing cantilever mounted. The fuel |
loadings teated were; level, forward, aft, outboard,and inboard
for 0, 25, 50, 75 and 100 per cent of full fuel load. N

k)

The model was constructed of solld styrofcam scaled to a -
.06 geometric scale and a .233 speed scale. Holes were drilledl
into the styrofocam so that the welghts appropriate to the loading
condition could be inserted. The model was cantilevered from !
the floor of the WSC 7 3/4% x 11 foot,low speed,atmospheric wind ’
tunnel, A shake test of each condition was ¢onducted prior to ,
flutter testing. / ;

After the flutter test was completed on all loading con-
ditions of interest attempts were made to obtaln destructive
flutter for the critical points. The tip of the model was
broken off in the empty conditlon while raising the flutter speed
from 175 to 182 mph, The flutter was primarily of second bend-
ing type. These tests show a general trend of the flutter speed
to increase with increase in fuel loading.
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.06 SCALE SUBSONIC WING II

Required stiffness levels were investigated at sea level, !
15,000 faeet, and 30,000 feet for various hinge rotationalrstiff-.
ness levels at 60% and 79% wing semi-span, ; ; i

The .06 gaeometric scale model with a speed scale of ,233
was oconstructed of 30114 styrofocam, At the 60% and “79% semi-
span positions, rotational springs of the following 'stiffnesses
were installed: b IR

1

Stiffness in in-1b/rad x 10-% i ¢4

108 5% 508 T5% L1008 !
60% Fold Line .311 .781 1.561 2,342 3.11_2
T9% Fold Line , L1201 L2401 3602 4802

-~

The model was ballasted for the empty sea level condltion.
To simulate altitude, incremental ballast was added to the empty
gea level model, While the stiffness was being investigated at
one hinge position, the other hinge was maintained at the 100%
stiffness level, The 100% stiffness level corresponds to thab
existing 1f the structure were continuous acoross the hinge.

The natural frequencles and ncde lines of the Tlrat three
or four modes were determined before actual flutter testing the
model in the WSC 7 3/4% x 11 foot low speed atmospheric wind ?
tunnel at sea level density. The flutter margin was shown to be
adequate in all runs, with the flutter speed belng relatively |
.insensitive to fold stiffness, fold position, or tip deflection,
and increasing with altitude more rapldly than a constant q. :
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FIG {1
MODEL CHARACTERISTICS
GEOMETRIC SCALE .., ... .0G ' CONTRAL SURFACE.. . ........ STIFF
SPEED ScALE......... .233 HIRCE LINE STIPENSSS ., .. .. VARIASL §
MATERIAL ,...... 5T YROFOA M SUPPORY, L CANT. FROM TUNNIL 'L”&
ALTITUDE . ... ..... .. VARIABLF WIiNG TP DEFLECTION.. ... VARIABLE
FUBL. LOAPING ....vce vensenscs EMPTY
SUMMARY OF TEST RESULTS
gun] aup fETTGAtvEL | DEFLECT~ | MAX FRE OGN e P8
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.10 SCALE TRANSONIC WING

This transonlc flutter model test was conductéd to deﬂon-
strate an adequate flutter margin at M = .G5.

The cantilevered 1/10 model of the -127 configuration was
constructed with 4,5 1bs/ft3 styrofoam filler between isowopd
spars and covered with thin sheets of aluminum. The control
aurfaces were not free to rotate. The model was ballasted to
slmulate full scale empty welght distribution. A shake test of
the model was conducted to determine natural frequencies and
node lines of the first three modes,

Flutter was not obtained but the model tralling edge was
damaged due to flow reversal at tunnel shutdown, After repalr-
ing the model, and eliminating {low reversal by allowing the
valve to remain open until all of the pressurized alr was expended,
very large margins were demonstrated without encountering flutter.
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.10 SCALE SUPERSONIC WING

This high speed flutter model test was conducted to demon-
strate an adequate flutter margin at M = 3.0.

The cantilevered 1/10 model of the =127 configuration was
constructed with 3 1bs/ft3 styrofoam filler batween isowood spars
and covered with thin aluminum sheets. The model was bhallasted
to simulate the full scale empty welght distribution. The control
surfaces were not free to rotate. A4 shake test of the model was
made to determine natural frequencies and node lines of the first
three modes.

Flutter was not ohtained but the model was destroyed as &
result of tunnel starting loads,
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.10 SCALE SUBSONIC WING

This low speed flutter model test was conducted to inves-
tigate the varlation cf flutter speed with the following para-
meters: stiffness about the 60% semi-span fold line; fuel
loading; and tip.deflection about the 60% semi-span fold line.

The 80lid styrofoam model of .1 geometric scale and ,166
speed scale, was cantilever mounted in the WSC 7 3/% x 11 .foot
low speed atmospheric wind tunnel at sea level density. 4 shake
test was conducted to determine natural frequencies and nade
lines .of the first three modes prior to the actual fluttgr%test.

b3 ‘

The range of wing tip rotational stiffness levels ta *ed
had neglligible effect on the flutter speed, A wing tip dcflec~
tion of 500 and empty fuel loading gave the lowest flutter: speed.
In general flutter speed increased with increased fuel loading,
increased rotational stiffness at the hinge and decrease ih tip
deflection. In any configuration, the minimum flutter marﬁin
obtained was approximately 40%. !
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.15 SCALE SUBSONIC VERTICAL TAIL .

Various root support stiffness magnitudes and distributions
were investigated using a .15 scale model of the canted hinge :
conflguration of the vertical tall.

The model was constructed of 4.51bs/?t3 denslity sollid styro-
foam whose thickness at any point in the planform simulated full
seals bending stiffness, The mass distributlion of the model

“similated full scale total mass at sea level conditions, In

Some. -se¢tions near the root, the model was slightly overweight
bat the effects on flutter speed should be very small. The
modé]. Mas bullt to a .15 geometric scale and a .2 speed scale.

Lateral stiffness of the upper and lower hinges and the
actuator point were simulated by small cantilevered beama. Thase
springs were calibrated dynamically by attaching a known masa
on the spring and recording the free vibration on an oscillograph
to allow accurate determination of the spring constants., 'Root
spring constants slmulated were as follows:

LOCATION MODEL SCALE -L85/IN FULL SCALE ~ L8%/ IN
Upper Hinge  498.5 236.8 85.5 84,083 38,467 14,250
Lower Hinge 986 637.9 164,333 106,317
Actuator 63.1 19.9 10,517 3,317

Prior to the actual flutter test of each conflguratlion, a
ahake test was conducted to determine natural frequencies and
node lines of the first three modes. The flutter tests were
conducted in the W8C 7 3/4 x 11 foot,low speed,atmospheric wind
tunnel at sea level density.

The flutter tests showed that actuator stiffness 1ls rela-
tively unimportant. Decreasing the actuator stiffness lmproved
bending-torsion frequency ratios slightly resulting in a small
increase in flutter speed , It further showed that the largesat
tnerements in flutter speed were obtained by increasing the stiff-
ness of the upper hinge point. In all configurations.tested but
one, the flutter frequency fell between the zero air speed fre-
quencies for second bending and first torsion.
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.06 SCALE STIFF WING WITH FLEXIBLE ELEVONS

AND .2 SCALE STIFF CANARD WITH FLEXIBLE FLAPS

The purpose of these models was to check required elevon
and flap rotational frequencies to prevent single-degree
control surface rotational flutter at low supersonic
speceds, The tests were conducted in TWT on 2 February
1959 through 4 Pebruary 1959 for 48,2 test hours for the
elevons and on 4 February 1953 through 8 February 1959
for 34.0 test hours for the flaps.

On the basls of two-dimensional supersonic linearized
osclllatory aerocdynamic theory 1t can be shown that
singe-degree supersonlic control surface rotation flutter
18 independent of the percent chord location of the hinge
line., This leads to a theoretical flutter boundary in

a plot of é%; versus Mach number which 1s applicable to
all hinged control surfaces in two-dimensional linearized
flow. Figure 30 shows this boundary and some experimental
flutter points obtained in flight tests. Since the theory
indicates that instablility occurs when the flutter fre-
quency is below a ~ertain critical value (depending some-
what on the Mach number) it can be seen that this type

of flutter becomes more critical as the altitude is inecreased
as a result of decreased flutter frequencies due to
decreased aerodynamic stliffness,

Test conditions were selected 1n accordance wlth the theo-
retical predictions in that the control surface mass ratio
was chosen so that the tunnel density range corrcsponded

to an area in the flight envelope extending downward from
the upper boundary over the range of Mach numbers from

1.0 to 1.5 and hinge flexures were tuned to provide several
rotational freguencies ranging downward from the theo-
retiecal requirement., Conditions covered are shown in
Flgures 31 and 32.

Flutter was not obtained for any atiffness value tested
even though the most flexible configuration should have
had a flutter frequency approximately equal to 40% of the
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theoretically required value for neutral stabllity on
the basis of a detalled flutter analysis for the elevons,
and an even lower percentage for the flaps. These
results are not conslidered conclusive in view of the
instabllities obtained in actual flight tests of* earler
airplanes. Thls diliscrepancy between model and full
scale test results may be due to relatively low model
Reynolds numbers, shocks reflected from the porous walls
of the test section or even to the possibility that the
full scale phenomenon may have been transonic buzz

less of the explanation, B-70 elevons and flaps will
continue to be designed to the theoretically required
atiffness since no welght penalty is involved for reason-
able configurstions and a falrly high level of stiffness
is required to prevent coupled flutter involving the
control surfaces,
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SUMMARY OF MODEL DATA

R0 CANARD WITH FLEXIBLE FLAPS

|

I CVONS

H FLEXBLE ELEVONS

FiG. a3

” [NERTIA AHOUT W | ZERO AIRSPEED ROTATION FREQ.
LOCATION LB- IN-|SECE e Ps
MopeEL. Ly REQD V| STIFF [ M&ED | FLEX |[REQD
INBOARD 00943 | .o0220 206 139 84 207
CENTER LIR30 | -Cl24E 208 145 84 2e7T
oUTBOARD | .ciz02 |l 01246 | 200 130 88 207
i
i
|
|
I
g
[
N i
- LAP
INERfIZ\QI*EOB?; H | ZERO AIRBPEED
LOCATION LB N -SEC? | ROTATION FREQ CFS
MODEL. | REQ'D | FLEK REQ'D
meoepp | 584 |83 | 26 | #so |
CENTER 496 | 320 3o 364
OUTBOARD 289 JLZ% 37 161.2
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COMPLETE MODEL TEST

Flutter trends were established by means of thirtsen runs
of the B-70 complete airplane configuration with varietions in

fuel loading and tip deflection about the T9% semi-span fold
line,

The model was constructed of styrofoam and isowocd., The
wings were made of s0l1id styrofoam with the thickness at any
point in the planform scaled to simulate full soale bending

isowood was used as a stiffener in areas where styrofoam alone
would beccme to thick to maintain the goemetrlce shape, The
vertical tail did not simulate stiffness but was of the correct
geometric shape. The complete airplane model was constructed
to a ,06 geometric scale and a 1/6 speed scale.

These tests were conducted in the WSC 7 B/ﬂ x 11 foot law
speed atmospheric wind funnel at sea level density.

A shake test wag conducted Lo defermine natural frequencles
and node line locationz ¢of the first four or filve symmetric and
anti-symmetric motdes before flutter testing the configurations,
Due to the statlc dilvergence tendency induced by the suspension
system, the horizontal stabllizer was removed and replaced with
an equivalent welght. In cases where flutter was obtained, the
flutver frequency fell near the zero air speed frequencies for
fuselage vertical bending or wing bending indicating the impore
tance of these modes in determing the flulter speeds. '

These tests were conducted on the ~44¢ configuration, Sub-
sequent to these tegts the -TOA conflguration has evolved with
a shortened and stiffer forward fuselage.

SECRET

stiffness., The fuselage was constructed of styrofoam and i1sowcod;
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___MODEL SCALE o FULL SCALE MODEL SCALE
TAMK  WVEIGH TTAMOUNT BALLAST .6, |WEIGHT C.G. WEIGHT Ce. ORBER | TANK IWE!GH'! AMOUNT, BALLAST .G WEIGHT C.B.
NO. Noo LoF T T OF AR OF AIR of NO. . NO. | OF [T 0F AIR
‘ Fs. BP i F3. 8P :
BALLAST VEHICLE VEHICLE |SEQINCE ‘ BAL LAST| VEHICLE
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COMPLETE MODEL - TEST RESULTS

NAAL TEST™ 443

cweexeore J.R.S. SECREY NA-59-1736

A LR A4 edi g iT e ‘,___"F’,D‘,T){O_r o

pATEL Li- jUﬁ 7‘) ! moorL no )CB"?O i
rig 3B

RUN'CONFIGURATION

' | - -
r!LUUI" TOTREL SHAKE TEST FREQUENCIES ~ces

No f FUEL [T DEFL. s I’.:.Ig' § S YMMETRIC F‘mm-c_m.n, ETRIC
e A R FA T FATS I PN T P
R B M iy oA Fc B 2 B s
2 | ! ]
3 WEMPTY | v | vl |56 1574 63| 1200141 |21.41257 160 13,5207 ]| 255 —
4| L] | l'
5 ISTAL-HS | v :S 1vm S5 | 106138 129269 159 129 12031241 —
_6_iSEQA ()| v 9 SvM b6 | L5 |14.6 20504 | 89 113 183] —
T iISEQRB e T BLig 150 21.0 4419111 11357195 (215
8 SEqp | T o) o2ialice 20 a9 971167] 19¢|223
9 lsme v o] eslis |z nries i e 205l
0 5576 s s loo'n}; 92249 41121 1195218 235
TN O T o 152 |1 1T (2.2 256152 [1271204248] —
iz LEMPTY SYM €3 129 ii4.1 ‘lmosl|c4—|3ﬂzgg_§;3 —
3 '"e;r_:z_a 47| 87103 151 [0} 44 | 20| 164115 —
CEKTY - I [ A G [ A PErie el o [y ey e
__tf;“; EMPIY v’ SYM 6 1220152 22.‘)77.'1.4-”.. —] ==
i, |SERA - v fdo [ cafosfisd === ]—=—

MODEL CHAPACTERISTICS
GEOMETRIC ScALE.......00 CONTROL SURF, . . STFF
SPEED SCALE......... } /6 SUPPORT. ... ....u.... SUSPENSION SXST

MATERIAL

STYRIL1SO HINGE FOLD STIFF. ..,

0% ~

ALTITUDE. ..., ...

L OFA LEVEL  HORIZ STAZ AHCIDENCE, , NORE

TIP DEFLECTION

.......

VARIARBLE FUEL LCADING ., .,

.. VARIABLE

il

¥ THESE RUMS WERE MADE TO ORIENT THE 110DEL, NO TEST DATA 8srA\NED., SUBSEQUERT
RONS WELE WAADE WiTi NO HORIZONTAL ITABILIZER,.

Y SNEMILLS INCKEASED 100°%A - 150% FROM ANTENNA TO REAR.
COESNFFRTAS Y2 OF Ko B4 FRAM ANTENRA TO REAR,
IV arFInEsy SAME AS RURS IS
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.10 SCALE TRANSONIC WING

This model simul@@ed the -44 C configuration. Three iden~
tical cantilever models Were constructed with 0° tip deflection.

The stiffness of the wings was scaled to simulate a Mach
number of 1.05 at sea level, with the stiffness reduced by a
factor 1/1.32, so that in the event {lutter occurred at con-
ditions corresponding to the flight boundary, the required
margin would be demonstrated at the correct mass ratio,

The models were constructed of a styrofoam core covered
with aluminum skins of various thicknesses, conslstent with
full scale construction. The Joints of the skins were over-
lapped and securcd with glue. Subsequent tests of this glue
showed 1t to be flexible which was indlicated by the shake test
frequencies being too low by 23%.

This test was conducted at TWT on 3/2/59 through 3/3/59
for seven test hours.

The purpose of the test was to determine the variation of
flutter characteristics with Mach number in the tranasonic

region, Flutter was not obtained and large margins were demon-
strated.
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MODEL NO.

.10 SCALE TRANSONIC WING

These models are the same as the previous .10 scale
transonic wings except as modifled to incorporate 25¢ and
50° wing tip deflection. The purpose of the tests was to
investigate the effect cof wing tip deflection on flutter
speeds at a low supersonic Mach number. Tests were conducted
at M = 1,10 with variable tunnel density in TWT on 4/21/59
through 4/23/59 for 33 test hours. Static air .loads des-
troyed the model with 500 tip deflection and flutter was not
encountered for either the 00 or 25° tip deflection models,
From indications of the approach to flutter for 00 deflection
it may be concluded that 25° deflection causes no appreciable
reduction in flutter speed. Very large margins were demon-
strated.
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.20 SCALE TRANSONIC VERTICAL TAIL

Three ldentical models of the vertical tall were constructed
simulating the -44C configuration including root flexibility.

The model was constructed of a styrofoam core with alumi-
num skins, the same {ype of constructlon as was used for the
.10 scale transonic wings, Comparison of shake test results
and other vertical stabllizer models has indicated that these
models were too flexivle, i.e., the frequencies were lower than
required by design model factors by approximately 14-1/2 per
cent as a result of excessive glue Jjoint flexibility. Since
mass parameters were correct, this lower stiffness level still
provides full usable data,

Six flutter points were cobtained during the test. As obe
served with high speed motion picture photography, the {lutter
mode was first bending-first torsion with a large torsion
component,

The shapes of the flutter boundary curve and the T ,W,T,
operation characteristic curve led to flutter at several points
during a blow. The changing tunnel conditlons removed the
model from a flutter range before model damage occurred. The
maximum denslty {lutter point obtained in each case then caused
model damage,

The test was conducted in T™WT from 3/4/59 through 3/3/59
for 30 test hours.

From this test 1t was concluded that, for the conflguration
tested, an increase of 10% in torsion stiffness would be required
in the mldspan reglon in order to provide the required margin
of safety,
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HORIZONTAL STABILIZER

, Flutter trends were established by means of a total of
twWwentyefour runs of the B-70 horizontal stabillizer with varia-
tion in pitch and yaw stiffness, filap locked and unlocked, and
angle ¢f incidence,

The 1/5 geometric seale model with a 1/6 velocity scale,
was constructed of solid styrofoam with the thickness at any
point in the planform scaled to simulate full scale bending
stiffness, The flap was free to rotate about its hinge line
hinges which were constructed so that the [lap could be locked
in position also. Flap actuator stiffness was simulated by a
pair of springs attacie2d to a wheel-type ring at the end of a
gylihdriéa; tube. the model mass simulated full scale mass

ata,

Pitch stiffness and yaw stiffness was slmulated by small
cantilevered beam springs. The springs were calibrated dyname
1cally by attachingz a known mass on the spring and recording the
free vibration on an oscillograph record for each length of
spring,

A shake test was conducted fo determine natural (requencles
and node lines of the first four symmetric and anti-symmetric
modes prilor to the actual (lutter test of each configuratlon,
These tests were conducted in the W3C 7 3/U x 11 foot low speed
atmospheric wind tunnel at sea level dengity.

These tests demonstrated adequate margin for all configura=-
tions except those lncluding unlocked llaps and indicated that
further study was required to optlmlze the deslign for adequate
margin with respect to the 300 KIAS 1imli{ speed for the flaps
unlocked case.
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NAAL TEST 445
SECRET _ MODEL CHARACTERISTI
GEOMETRIC SCALE . . 4 Ys ALTITUDE .
SPEED SCALE . . .. .Y CONTROL. SUR
MATERIAL = . SOLID STYRAQFOAM SUPPORT. |
SPRING CONSTANTS . _PATCH ... SMFF __
: FLEXIBLE
YAW . . _STIFF. . . |
i FLEXIBLE
FLAP INERTIA ABOUT o . U
FLAP T
| ResTRANT | S LOCKkED » |
PITCH .
| sterngss C8TWF STIFF ! F
YAW f
STIFPFNESS
SYMMETRIC
™MoDES
ANTI- !
SYMMETRIC :
MoDES !
MOLE FREG-CPU MOOR FR g €5 1
1Ay g o8] O l
2 ek ‘ . 2 ime |
3 17 y o ' 3 204 O ';
4 226 @ : . 4 276 Q %
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SRIZONTAL STABILIZER T )
NAAL TEST 445
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